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Abstract: A new data filtering method named CVVF method, based on Vondrak filter and the technique of cross- valida-
tion, is developed for separating signal and noise in data series, and applied to study of GPS multipath effects. Numerical
simulation studies and real experiments indicate that the method is a powerful signal decomposer, which can significantly
mitigate the random error of measurement and separate successfully signal and noise. The day- to-day repeating property of
GPS multipath signal can be applied to remove efficiently the multipath disturbances in the subsequent day s GPS measure-
ment, and therefore improve the quality of the GPS coordinate results.




理分离?同时, 利用 GPS多路径效应周期性重复的特性, 可有效地削弱多路径效应对观测结
果的影响, 从而提高 GPS定位精度?
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2. 1  Vondrak???
?????????( x i , yi ) , ?? i = 1, 2,
, N ; x i?????; yi ??????????
????[ 15]
Q= F+ 2S= min (1)
??, F = N
i= 1
p i ( yi- yi ) 2, S = N- 3
i= 1
( 3yi) 2?
??, yi????????????; p i ???
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[ y2, i - f( x 2, i ) ] 2 (2)
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??, ?? K ????????, ??????
?? ??????????M ??????
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??? C ( , P ) ,???????? ?C( , P)
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ut= y t+ et (3)
??, et ????????, yt ?????u t ?
??????????? CVVF ???????
?????,?????????? 300 s?150 s
?40 s?????????, ?? 300 s???
?????????? 1 200 s???????
????????????
yt= 2. 0sin (2t / 1 200)  sin (2t / 300)+
0. 5sin (2t / 150)+ 0. 5sin (2t / 40) (4)
?????????? 2 s, ???? 2 000?
?1?????????????? et ????
??N(0, 2. 0)? N( 0, 3. 5)?, CVVF ?????
???????????? CVVF ??????
???????? 0. 01? 0. 000 1?
?? 1?????,??????,????
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?????(?2. 5 cm,?1 a)?, CVVF ????







?1 CVVF????????: ( a)??????;
( b)???????????; ( c)?????;
( d)??????????????; ( e)??
?????????????????
Fig. 1 Simulation results of CVVF method: ( a) Simulated
signal series; ( b ) Simulated signal series plus
noise; ( c) Filtered curve; ( d) Difference between
filtered values and the simulated signals; ( e) Differ-
ence between filtered values and simulated signals
plus noise.
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Tab. 1  Smoothing factors and RMS values of the difference series at different noise levels / cm
???? 0. 2 0. 6 1. 0 1. 4 2. 0 2. 4 3. 0 3. 5
?????? 0. 1 0. 1 0. 1 0. 1 0. 01 0. 01 0. 001 0. 000 1
ut ? yt ?? RMS(  ) 0. 033 0. 081 0. 131 0. 177 0. 227 0. 277 0. 310 0. 457
u t ?u t??RMS(  ) 0. 197 0. 573 0. 993 1. 402 1. 969 2. 428 2. 908 3. 594
  ??, ?????? CVVF ?????,??
???????,??????????,???
?? 1 200 s,??????(1 200- k ) s, k= 50,
100, , 1 150?????????
u t= 2. 0sin (2t / 1 200)+
0. 5sin [ 2t / (1 200- k ) ] + et (5)
????? et ??????N (0, 1. 0) , ??
??????????( 4)?????????
????????????? k ????, ut ?
ut?????? RMS ?? 1. 0 cm ????; ?
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?????????X , Y ?H ????? 3?
??????????????? 3, 4? 5??
? 3 ?????????( X ??)
Fig. 3  Raw coordinates for X direction
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? 4 ?????????( Y ??)
Fig. 4 Raw coordinates for Y direction
? 5 ?????????(H ??)
Fig. 5  Raw coordinates for H direction
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?????????????, ? CVVF ???
??,???????,???????????
?????????? 6, 7? 8???? X , Y
?H ???????????? CVVF????
?????????
? 6 ?????????( X ??)
Fig. 6  Fitted curves for the X direction
? 7 ?????????( Y ??)
Fig. 7 Fitted curves for the Y direction
? 8 ?????????(H ??)
Fig. 8 Fitted curves for the H direction














?RMS??? 2??X , Y ?H ???????
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1 1. 0e-6 0. 121 1. 0e-6 0. 210 1. 0e-7 0. 456
2 1. 0e-5 0. 120 1. 0e-5 0. 238 1. 0e-5 0. 475
3 1. 0e-4 0. 120 1. 0e-4 0. 225 1. 0e-5 0. 496
??2?????:???????????
?????????,????????????












Tab. 3 Maximum correlation coefficients between consecu-
tive multipath series
Day X Y H
1-2 0. 809 0. 684 0. 665
2-3 0. 686 0. 612 0. 543
???????????????????
??????,??? 3???,???????
???????? 0. 543? 0. 809??, ???
??????????????????[ 20]?






? 4 ????????????????? RMS?
Tab. 4 RMS of coordinate series before and after multipath
corrections are applied /  cm
Day
X Y H
??? ??? ??? ??? ??? ???
2 0. 400 0. 251 0. 622 0. 501 0. 987 0. 775
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